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The Marine Laboratory of the University of Manmi, at the request of the Florida
State Board of Conservation, has investigated the site of a proposed bul khead
and fill project that would consolidate the Ragged Keys, 1, 2, 3, 4, and 5, in
sout hern Biscayne Bay, Dade County, Florida. In the present investigation new
observations were nade and results of past biological surveys of the area
conpi | ed.

The study involved the bul khead line as described by James W Moore, in his
application for fixing bul kheading lines to the Board of County Conmi ssioner of
Dade County.

Wiile the effect of changes in the water current patterns in connection with the
biology of the area is discussed, no attenpt has been nade to evaluate the
hydraulic problens involved in filling natural tidal channels which allow water
exchange between Biscayne Bay and the ocean, although these might have
i nportant consequences.

DESCRI PTI ON OF THE RAGGED KEYS

The Ragged Keys, a chain of six snmall islands, lies on the eastern edge of
Bi scayne Bay about eight miles south of the Cape Florida light on Key Biscayne
(Figure 1). They are approximately seven miles fromthe mainland.

The upper Keys and the shallow flats surrounding them form a protective barrier
against the wave action of onshore seas resulting from the prevailing
sout heasterly winds. They are promnently marked by tidal channels which run
roughly east and west across the barrier. These channels through the Ragged
Keys and subnerged bars to the north have been called "safety valves," since
they all ow wat er exchange between bay and ocean and prevent excessive pil eup of
wat er within Biscayne Pay during periods of high winds and spring tides.

The nean range of tides varies between 1.9 and 2.3 feet in the Ragged and
Soldier Keys area, with the latter figure being the average range during
periods of spring tides.

SALINITY

There are no seasonal data pertaining to salinity in the Ragged Keys but there
are such data for Soldier Key inmediately to the north. Since these areas are
so close, the Soldier Key readings are pertinent to the present study (Table
1).
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Table 1. Surface water tenperatures in degrees Centigrade and surface salinity
in grans per kilogramfor Sol di er Key.

Dat e Water Tenp. (C) Salinity in (ppt)
717145 31.7 37.11
8/ 4/ 45 30.5 36. 67
10/ 27/ 45 24. 7 33.06
12/ 2/ 45 19. 58 33.91
1/ 6/ 46 21.79 36. 22
2/ 3/ 46 23.23 36. 26
4/ 28/ 46 25.15 36. 86
6/ 6/ 46 28.13 35.70

The salinities observed at the Ragged Keys during August, 1958, ranged between
37 ppt and 38 ppt, and tenperatures ranged between 30° and 31° C. The slightly
hi gher values for both salinity and tenperature found in the Ragged Keys were,
of course, obtained at different tinmes, but nmay be the result of a generally
hi gher rate of evaporation and greater warming in the shallows to the west and
south of these islands. It is suspected that water exchange in the bay in the
vicinity of the Ragged Keys is less conplete than that found to the north
opposite the nunerous tidal channels of the subnerged banks between Key Bi scayne
and Sol di er Key.

Closure of existing tidal channels would create conditions of poorer
circulation, higher salinities and greater tenperature extremes wthin the
portion of the bay opposite the Ragged Keys, in the area around Feat herbed Bank.
The biological inplications of such change will be discussed in the sections
dealing with plant and ani mal distribution.

BOTTOM TYPES

Five nmajor categories of bottom or substrate nmaterials have been noted in the
Ragged Keys and adj acent subnerged areas (Figure 2). These are as follows:

1) Key Largo linestone, the eroded bedrock of the Ragged Keys and adjacent
islands that is exposed in many places in the intertidal zone of the Keys
as well as in the tidal cuts between the Keys.

2) Coarse rock and coral fragnments in a soft matrix of shell fragments, marl
and cal careous sand, found on the seaward side of the Keys out to a depth
of 10 to 12 feet.

3) Wite, coarse, well sorted cal careous sand and shell fragnents found in
the deeper tidal channels. Cccasionally this sand nmay be studded with
out cr oppi ngs of the bed-rock.

4) Pine gray calcareous marl and shell fragments formng the substrate of
the extensive subnerged flats on the bay side of the Ragged Keys. This
substrate material may intergrade with Type 2 in the immediate vicinity
of the Ragged Keys, thus allowing mixing of the Bay and offshore
pl at f or ns.
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5) Soft, fine-grained marl and organic nud mxture, gray to brown in color,
found in the deeper, nore quiet portions of the bay west of the Ragged
Keys.

The transition between bottom materials may be abrupt or gradual. A gradual
transition is illustrated in Figure 2 above. Abrupt transition between bottom
types is seen at the edges of the tidal channels that bisect the shallow flats
west of the Keys. In these areas, currents have cut and sorted bottom materials
to a marked degree and result in distinct animal and plant zonation.

CURRENTS

The configuration of the Ragged Keys and adjacent areas is the result of wave
and current erosion (Figure 3).

The tendency for oceanic waters to "pile up" behind barrier islands is well
known. In the Indian River lagoon of the central east coast of Florida, the
water level in the lagoon may rise as much as four feet above nmean sea |evel
This phenonmenon is a result of the inability of the inlets to handle water
pl aced behind the barrier islands by winds from the east and southeast and
during periods of excessive rainfall runoff fromthe interior.

The channel s between the Ragged and adj acent Keys are results of the novenent of
water on the daily tidal cycle and are vital in equalizing water |evels between
bay and ocean.

The currents now passing through the Ragged Keys have a major influence upon the
bi ol ogi cal welfare of the Bay. The currents distribute oxygen-rich waters from
the grass flats; they carry the organic material necessary to the existence of
filter feeding animals such as the nollusks, coral animals, marine worns and
crustaceans, and they tend to equalize the tenperatures within the bay during
peri ods of tenperature extrenes.

The currents also provide a nyriad of ecological niches by their sorting action
upon the bottom material. Once the «currents have created a favorable
sub-stratum they insure a supply of food and a supply of eggs and larvae to
surroundi ng areas. Destruction of the established current flow patterns in the

Ragged Keys will have an effect upon plants and animal distribution beyond the
i medi ate confines of the area to be dredged and filled. It cannot be deternined
in advance what the ultimate result will be. W know from pollution studies,

however, that biological conditions in northern Biscayne Bay have steadily
worsened as |and devel opnent has progressed. Changing current patterns as a
result of dredging and filling have conbined wth industrial and sewage
pol lution in northern Biscayne Bay, creating areas of stagnation and aninal and
pl ant di sappear ance.

MARI NE PLANTS

Surveys of the Ragged Keys have shown this to be one of the richest areas within
Dace County waters for nmarine algae (Table 2). The narine grass Thal assia
testudi num al so occurs in great density on the bay flats adjacent to and west of
this group of Keys.

There are two broad zones of marine plant |ife within the study area: Thal assia
carpeting the quieter shallows of the bay and the al gae comunity occupying the
ocean side of the Keys. In suitable areas of substrate material there is sone
interm xi ng of al gae and grass (Figure 4).
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Figure 3. Overlay showing main current patterns in the Ragged Keys.
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Table 2. List of the algae known to occur in the immediate vicinity of the
Ragged Keys.

GREEN ALGAE RED ALGAE

Cl adophora repens (J. Agardh) Harvey Jani a sp.

Anadvorene stellata (Wil fen) C.  Agardh

Cl adophor opsi s macroneres Tayl or

Caul erpa cupressoi des (Wst) C. Agardh
Caul erpa prolifera_(Foerskal) Lanpuroux
Caul erpa racenosa (Foerskal) J. Agardh
Caul erpa sertul ari oi des (Grelin) Howe
Caul er pa paspal oi des (Bory) Geville

Hal i meda di scoi dea Decai sne

Halineda nonile (Ellis and Sol ander)
Lanmour oux

Hal i meda opuntia (Linnaeus) Larmouroux "

Halineda tridens (Ellis and Sol ander)
Lanmour oux "

Hal i neda si nul ans Howe

Udotea conglutinata (Ellis and Sol ander)
Lanmour oux

Udotea flabellumE lis and Sol ander) Howe

Peni ci | | us capitatus Lamarck

Peni ci |  us dunet osus (Lanouroux) Blainville

Dasycl adus vermicul aris (Scopdi) Krasser

Val oni a ocel | ata Howe

Val oni a ventricosa J. Agardh

Di ct yosphaeri a cavernosa (Foerskal Borgesen

Rhi pocephal us phoenix (Ellis and Sol ander)
Kuet zi ng

Rhi pocephal us obl ongus (Decai sne) Kuet zi ng

Avrainvillea nigricans Decaisne

Acet abul ari a crenul ata (Lanouroux) Kuntze

Neoneri s annul ata Dickie

Bostrychia tenella (Vahl) Kuntze

Li t hot hammi a sp.

Laurencia intricate Lamouroux

Laurenci a papillosa (Foerskal) Geville
Laurenci a poitei (Lanmpurcux) Howe

Laurenci a obtusa (nudson) Lanouroux
Euchemma isiforne (C. Agardh) Harvey

Bypnea cornuta (Lanouroux) J. Agardh

Chanpi a parvula (C. Agardh) Harvey

Acant hophora spicifera (Vahl) Borgesen

Xet er osi phoni a G bbesii (Harvey) Fal kenberg
Crouani a attenuate (Bcnnemai son) J. Agardh
Amphiroa fragillissim (Linnaeus) Lanouroux
Anphi roa rigida Lanouroux

Goniolithon strictumFcslie

BROWN ALGAE

Di ctyota di chctoma (Xudson) Lanouroux

Di ctyota divaricata Lanouroux

Di ctyota pardalis Kuetzing sensu Borgesen
Di ctyota bartayresii Lanouroux

Di ctyota cervicornis Kuetzing

Sargassum vul gare C. Agardh

Sargassum nat ans (Li nnaeus) weyen
Sargassum fl ui t ans Bor gesen

Sar gassum pol ycerati um Mont agne

Zonaria variegate (Lanmouroux) C. Agardh

The fill required for the area behind the bul khead will
nearest the Ragged Keys. This means that all
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cone fromthe vicinity
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depend upon the configuration and
and create new channels and shal | ow
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Fl SHES

The tide channels between the Ragged Keys and the shallow, grassy flats
surroundi ng them support nunerous species of fish (Table 3).

Table 3. Check list of the fishes that have been collected in the inmediate

vicinity of the Ragged Keys.

COVMON NAMVE SCI ENTI FI C NAVE

Haerul on sci urus

Haernul on fl avol i neat um
Haemul on pl um eri

Haenmul on parra

Bl ue striped grunt
French grunt

Wiite grunt

Sai |l ors choi ce



Caesar grunt

Rai nbow parrotfish
Bl ue parrotfish
Green parrotfish

Stri ped goby

Fat goby

Wi tehurst's jawfish
Pi ke bl enny

Hairy bl enny
Marbl ed clinic

Banded clinic
Brotul a

Hol br ook' s cuskee
Bl ack nul | et
Silver mullet

Sea robin
Toadfi sh

A ingfish

Cowf i sh

Snoot h trunkfish
Brown denoi sell e
Mapo

Spotted worm ee
Bl ue tang

Qcean Surgeon
Doctor fish
Common barracuda
Fringed filefish
Hairy filefish
Broad nojarra
Common noj arra
Ki ng nmackere
Spani sh macker e
Bl ue runner

Bar jack
Creval l e jack
Gray snapper
Lane sanpper
School mast er
Spotted weakfish
Hal f beak
Needl efi sh

Spi ny toxfish
Thread herring
Queen angel fish
Bl ue angel fi sh
Table 3. Check Ilist of

Haemul on car bonari um
Pseudoscarus coel esti nus
Pseudoscar us guacanmani a
Scarus caerul eus

Spari soma viride

Cor yphopt erus gl aucof raenum
Ger mani a macr odon

Gobi osona robust um

Opi st hognat hus whi t hur st
Chacenopsi s ocel lata
St at hnonot us st abl
Labri scnus nuchi pi nni s
Par acl i nus mar nor at us
Par acl i nus nigri pinnis
Parclinus fasciatus
Qgi | bi a cayorum
Phi di on hol br ook

Mugi | cephal us

Mugi | trichodon
Prinotus scitulus
Opsanus beta

Gobi esox st runosus
Acyrtops beryllinus
Lact ophrys tricornis
Lact ophrys trigonus
Pomacent rus fuscus

Bat hygobi us sopor at or
Bat hygobi us curacao
Bat hygobi us nystaci um
Myrophi s punct at us
Acant hurus caer ul eus
Acant hurus bahi anus
Acant hurus chi rurgus
Monacant hus hi spi dus
Monacant hus ci li at us
CGerres cinereus

Euci nost cnus gul a
Sccnbernorus regalis
Sconber norus macul at us
Caranx crysos

Car anx ruber

Car anx hi ppos

Lutjanus griseus

Lutj anus synagris
Lut j anus apodus
Cynosci on negul osus
Hemi r hanphus brasiliensis
Strongyl ura notata

Chi | onyct erus schcept
Opi st honema ogl i num
Hol acant hus cili atus
Hol acant hus isabellita

the fishes that have been collected i
vicinity of the Ragged Keys (cont.)..

n the

i nedi ate

COVMON NAMVE

Bl ack angel fi sh

French angel fi sh
Foureyed butterflyfish
Butterflyfish
Butterflyfish
Butterflyfish

Spotted jewfish

Three spi ned soapfish
Sandper ch

Spadefi sh

Two |ined cardinalfish
Spotted cardinal fish

Fal se spotted cardinal fish
Conchfi sh

Lookdown

Leat herj acket

SCI ENTI FI C NAME

Hol acant hus aur eus

Hol acant hus paru

Chaet odon ocel | at us
Chaet odon capi stratus
Chaet odon striatus
Epi nephal us striatus
Epi nephal us norio

Prom crops itaiara
Rypticus saponaceus

Di pl ect rum f or nosum
Chaet odi pt erus faber
Apogon bi not at us
Apogon nmcul at us
Apogon pseudonacul at us
Apogoni cht hys stell atus
Sel ene voner
Cligoplites saurus



Ladyfi sh

Bonefi sh

Striped ribbonfish
Cubbyu

Ri bbonfi sh

Pi nfi sh

Chub

Spani sh hogfi sh
Common hogfi sh

Sli ppery dick

Vari egat ed wasse
Puddi ng wife

Bl ue head

Dwarf wrasse

Dusky squirrel fish
Ser geant maj or
Rock sergent
Spotted noray

G een noray

Har dhead si | versi des
Round sti ngray
Spotted noray
Dwar f seahor se
Smoot h puffer

Mbj arra

Bl uefi sh

El ops saurus

Al bul a vul pes

Eques pul cher

Eques acum nat us

Eques | anceol at us
Lagodon rhonboi des
Archosar gus rhonboi dalis
Kyphosus sectatrix

Bodi anus rutus

Lacnol ai nus nmaxi nus

Hal i choeres bivittata
Hal i choer es garnoti

Hal i choeres radi ata
Thal assoma bi fasci at um
Dor at onot us negal epi s
Hol ocent rus vexari us
Abudef duf saxatilis
Abudef duf taurus

Gymmot hor ax noringa
Gymot horax firebris

At heri nonorus stipes
Ur ol ophus j anuai censi s
Gymmot horax ni gromar gi nat us
Hi ppocanpus zosterae
Spher oi des spengl eri
Euci nost onus | ef r oyi
Pomat onus saltatrix

10



In general, the larger fish stay near the confines of the deeper channels during
the daytinme and nmake early norning and |late evening excursions to the grass
flats for feeding. The grass flats are the nursery grounds for many val uable
speci es such as the spotted weakfish, the snappers, the groupers, the grunts,
redfish, as well as the less well known but beautiful and interesting
denvoi sel | es, gobies, blennies, scorpion fish and cardinal fishes.

Its channels through the Ragged Keys, particularly those between Ragged Keys 1,
2, and 3, support sizeable groups of reef fishes that are sel dom encountered
i nside the outer reef. The channels are also used extensively by offshore forns
in their periodic invasions of the bay. Such fish as the jacks, painted and
spotted nmackerel, bluefish, blue runner and | arger offshore species of snappers
are often taken by fishermen in the cuts.

The grass flats al so support a |arge assenbl age of fishes. These are smaller but
important food fishes - the grunts, the npbjarras, the sandperch and nmangrove
snapper. The reduction of the habitat by filling will automatically reduce the
nunber of fish available through | oss of feeding and breedi ng grounds.

| N\VERTEBRATES

The Ragged Keys, fromthe high water nmark to the deepest parts of the channels,
support |arge nunbers of species of invertebrates (Table 4).

The outstanding feature of the invertebrate assenblage is found in the gorgonian
colonies of the tidal channels between the keys and on the ocean side. This is
one of the npbst dense and extensive beds of sea fans End sea whips in the
inshore waters of Dade County and they wll be conpletely covered by the
proposed dredgi ng.

The invertebrates listed in Table 4 have been classified as to their
envi ronment; 29.6% occur in the grassy flats while the majority (70.4% live on
the key rock or imediately adjacent to the keys. Dredging will cause total

destruction of nunmerous species wthin the area since their ecol ogical
requi renents will be covered or renoved.
SUMVARY

1) The Ragged Keys and the marine environnent inmrediately adjacent to them
support a rich and varied group of plants and aninmals .

2) Currents have, by their sorting of the substrate created any ecol ogical
ni ches not usually found inside the outer reef.

3) Consolidation of the Ragged Keys wll destroy the charnmers no'/
extensively utilized by charter and private fishing boats.

4) The proposed bul kheading and filling will cause a shift of currents to
the north and south around the fill. This will cause scouring and the
redistribution of bottom nmaterial beyond the imediate dredge and fill
zone. Such change will probably be of long term duration, hence no
accurate prediction of biological effects are possible-. Recolonization
of the affected area will depend upon the rapidity with which currents

stabilize the bottom conditions.
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Table 4. Check list of the

vicinity of the Ragged Keys.

invertebrate animls that

are known to occur

in the

PORI FERA ( Sponges)

Tedenia ignis
Haliclona viridis
Speci ospongi a vespari a
Ircinia canpana
Ircinia fascicul ata

OCELENTERATA (Hard coral s)

Porites porites
Porites furcata

Si derastrea siderea
Si derastrea radians
Diploria clirosa
Mani ci na arecl ata

COELENTERATE (Soft coral s)

Pt er ogar gi a anceps

Pl exurel I a di choti nus
Pterogorgia citrina
Euni cea cal ycul ata

Zooant hi deans)
Zoant hus socialis
Condyl actis gi gantea

POLYCHAETA

Her nodi ce caruncul at a
Fol yt hoa verm cul ari s
Spirorbis sp

Amphi nore j amai censi s

MOLLUSCA ( Gastropods)

Cerithiumliteratum
Nerita tesselata

Tet hys dactyl onel a
Di adora listeri
Batillaria mninm
Astraea anericana
Apl ysi a dactyl onel a
Nerita versicol or
Thai s patul a
Fasci ol ari a gi gantea
St ronbus gi gas

Si phonaria pectinata
Modul us nodul us

Tur bo cast aneus

Cant harus tinctus

On rocks below | ow waterline
On rocks in channels

Deep channel s West Ragged Keys
On rocks in channels

On rocks in channels

Qui et shal |l ows around Ragged Keys
Qui et shal | ows around Ragged Keys
Thal assia and al gae flats

Thal assia and al gae flats

Gor goni an beds between the Keys
Thal assia flats west of Ragged Keys

Ti dal channel s between Keys
Ti dal channel s between Keys
Ti dal channel s between Keys
Ti dal channel s between Keys

Intertidal

Thal assia flats
Al gae zone, ocean side of Keys

Thal assia flats, ocean side of Keys

Common in shallows (all areas)
Intertidal
Al gae zone, ocean side of Keys

Al areas adjacent to Keys

Thal assia flats

Thal assi a- Potites zones of Keys
Intertidal

Intertidal

Thal assia flats

Thal assia flats

Intertidal

Thal assi a and al gae zones of Keys
Thal assia flats

Al gae zone, ocean side of Keys
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Table 4. Check list of the invertebrate aninmals that
vicinity of the Ragged Keys (cont.).

Pel ecypoda)

Mytil us exustus
Pedation al ata

Codaki a orbicularis
Arca garoal a

Atrina serrata

Laevi cardi um | aevi gat um

AMPHI NEURA ( Chi t ons)

Acant hopl eura granul ate
I schnochi ton fl oridanus

ECHI NODERVATA

Ophiuroidea (Brittle starfish)
Ophi ot hri x oer st edi

Echi noi dea (Sea urchi ns)
d ypeaster rosaceus

Lyt echi nus vari egat us
Tri pneustes escul entis
Echi nonetra | ucunter

Di adema anti |l arum

Hol ot hur ci dea (Seasquirts)
Hol ot huri a floridana

Ast eroidea (Starfish)
Echi naster viridis

CRUSTACEA

Cirrepedi a (Barnacl es)
Tetraclita squanpsa stal actifera

| sopoda (| sopods)
Li gi a baudi ni ana

Decapoda (Shrinps and Crabs)
M crophyrys bi cor nut us
Panul i rus argus

Cal | i nect es sapi dus

Penaeus duorarum

Tozeuma carolinensis

St onat opoda (Mantis shrinp)
Gonodact yl us oer st edi
Pseudosquilla ciliata

Al gae zone, ocean side of Keys
Intertida

Thal assia flats

Thal assia flats

Al gae zone, ocean side of Keys
Thal assia flats

Intertidal on rocks
Intertidal on rocks

Al areas below |l ow tide

Thal assia flats
Thal assia flats
Thal assia flats
Intertidal in rocky shore
Gorgoni an beds in channel s

Thal assia flats adjacent to Keys

Al'l areas adjoining the Keys

Intertidal

Above high tide

Thal assia flats

Channel s between Keys

Deep channel s west of Keys
Thal assia flats

Thal assia flats

Ccean side of keys
Ccean side of keys
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5) A shift in current patterns will probably create conditions of greater

6)

7)

8)

extrenes in salinity and tenperature that now prevail in the Featherbed
Rank regi on of Biscayne Bay.

The marine environment ever the considerable area involved in the fill
wi Il be destroyed by dredgi ng operations.

Reduction of the tidal channels and grass flats will reduce the areas
avai l able for many fish.

Reduction of water exchange through closure of the tidal channels my

eventually lead to conditions of biological poverty such as those now
found in north Bi scayne Bay.
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